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Abstract: The physical and mathematical model of an operating electrowinning cell was established, and the flow of electrolyte was
numerically simulated by the commercial software Fluent. The results indicate that there are two circulations at the surface flow
where part of electrolyte backflows to the inlet from the side of cell, and the rest flows directly to the outlet, and the separation of two
circulations with opposite direction occurs at the 20th pair of anode—cathode. This phenomenon was observed in the real operation.
The electrolyte flows into the space between anode and cathode from the side portion of the cell. Meanwhile, the interelectrode
effective flow rate (IEFR) is put forward to describe quantitively the flow field characteristics and is defined as the ratio of
electrolyte flow between the anode and cathode to the total flow area. The influences of structure parameters and operating
conditions on IEFR, such as the inlet angle, the volumetric flow rate, the inlet position and the height of steel baftles were simulated.
The inlet position has a significant influence on the IEFR and its optimal value is 0.9 m below free surface. The inlet angle should be
in the range from —10° to 10°. IEFR is in linear proportion with the volumetric flow rate, and the height of the steel baffle has little

influence on the flow field.
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1 Introduction

Zinc hydrometallurgy has become the dominant
technology of the present extractive metallurgy of zinc
since 1980s and its production accounts for more than
80% of the total quantity [1]. However, for zinc
electrowinning process, there is of a shortage of high
electricity consumption and about 75% of the total
electricity consumption is used for zinc electrowinning
[2]. Therefore, the key of energy efficiency for zinc
hydrometallurgy technology lies in reducing the
electricity consumption in the zinc electrowinning.

In zinc

electrowinning  process, zinc s

electrodeposited on cathodes, oxygen is produced on the

anodes and escapes from the surface of the electrolyte [3].

During electrolysis, if the electrolyte is not renewed, the
current efficiency will be reduced gradually because of
the lowering of the concentration of zinc ion near the
cathode [4]. The concentration of zinc ion between the
anode and cathode has a close relationship with the flow

pattern of electrolyte, which depends on three driven
forces, i.e. pressure difference between inlet and outlet of
electrolyte, drag force of bubble and electric field force.
Based on Refs. [5,6], the velocity of ion motion caused
by electric field is very small and then negligible.
Moreover, it is difficult to regulate the movement of the
bubble. Therefore, it is helpful for the renewing of
electrolyte between the anode and cathode by enhancing
the cycle of the electrolyte under the pressure difference
[71.

Currently, the major measures to improve the
current efficiency are applied, such as a reasonable
current density, electrolyte temperature, acid zinc ratio
and surfactant as well as the short period cycle of anode
cleaning and the small distance of plates [8,9]. Few
attention has been paid to the effect of electrolyte flow
on the current efficiency. In practice, ZHOU [10] tried to
change flow pattern of electrolyte by an alternative inlet
position, which accelerated the renewing of the
electrolyte. MARTIN and SCHWARZ [11] developed
general CFD model for description of the flow. WANG et
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al [12] simulated the flow field of electrolyte in 2D
model and the result was accordant with that in the water
model experiment of electrolysis cell. But the 2D model
was very different from the real production, and there
was not the optimal index of flow field yet. In this work,
a 3D model was used to simulate electrolyte flow, and
the interelectrode effective flow rate (IEFR) was put
forward in order to quantitatively evaluate the
characteristics of flow field of electrolyte.

2 Model of zinc electrowinning

2.1 Structure of zinc electrowinning cell

In the zinc electrowinning cell, anode and cathode
were alternately arranged, and the inlet and outlet were
used to maintain the circular flow of electrolyte. In order
to prevent electrolyte directly flow into the outlet, a steel
baffle was usually installed before the outlet in the real
operation. The structure of zinc cell is shown in Fig. 1.
Cell dimensions include an electrode gap of 30 mm, an
anode with thickness of 11 mm and a cathode with
thickness of 7 mm.

2.2 Governing equations
Ignoring the influence of the anode bubble on the
flow, the flow field in zinc electrowinning can be

described by [13]
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Fig. 1 Structure of zinc electrowinning cell
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Fig. 2 Flow of surface in zinc electrolytic cell
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where replacement of ¢ with the value 1 gives the
continuity equation, from which for ¢=U and Y, the
momentum and mass transfer equation are obtained,
respectively. Also, for ¢=k and & Equation (1) results in
the appropriate expressions for the turbulent kinetic
energy (K) and its rate of dissipation (&), both utilized by
the k—¢ turbulence model. /" and S are the diffusion
coefficient and source term, respectively, and denote
specific expressions for different equation.

3 Analysis of results

Here, the velocity of electrolyte 1.77 m/s is set at
inlet, which corresponds to the flow rate of 25 m>/h, and
the inlet angle is 0°. The outlet is defined as pressure
boundary, the wall is specified as no-slipping boundary
and wall function is used. A steel baffle with the height
of 940 mm is located near the outlet [14,15].

3.1 Flow field on free surface

The velocity distribution of electrolyte on the free
surface is shown in Fig. 2. It is obvious that there are two
circulation flow zones where part of electrolyte flows
backward the inlet from the side of cell and the rest flows
directly toward the outlet. The separation of two
circulations with opposite directions occurs at the 20th
pair of anode—cathode. The velocity of electrolyte near
the side is larger than that in the middle, and the velocity
of backward is larger than that of the normal flow. The
suspended matters in the electrolyte are accumulated
near the inlet owing to the reflux, which are
disadvantageous to the smooth flow of electrolyte.

In fact, the phenomenon of the backflow is observed
in the real operation which is shown in Fig. 3. This is
accordant with the result of simulation.

0.07 m/s
l Backflow I
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Fig. 3 Surface flow diagram of real zinc electrowinning

3.2 Flow field of electrolyte between anode and
cathode
3.2.1 Steady of field
The velocity vector of electrode between anode and
cathode is shown in Fig. 4. It can be seen that the
electrolyte flows to upper cell from the bottom via the
lateral part of zinc electrolytic cell and then downward at
the center of the plates, which forms a large recirculation
zone. Some electrolyte flows directly into the lower
domain between anode and cathode from the side of cell,
which consists of small eddy. Compared with the
electrolyte below the electrode plates, the interelectrode
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Fig. 4 Velocity distribution of interelectrode: (a) 10th pair of anode—cathode; (b) 20th pair of anode—cathode; (¢) 30th pair of anode—
cathode; (d) 40th pair of anode—cathode

electrolyte is of lower speed because of the larger
resistance of the plates. As a whole, the quick movement
of electrolyte between anode and cathode is helpful to
holding the concentration of zinc ion and to reducing
polarization phenomenon.

With the respect of different
electrolyte, the velocity is decreased gradually from the
inlet to the outlet, for example, the farther the electrolyte
from the entrance is, the smaller the average speed is, as
shown in Fig. 4.

3.2.2 Unsteady flow field

To show the flow process of the electrolyte more
clearly, the tracing method was applied to simulate the
unsteady flow for the zinc electrowinning, and the
coupling unsteady component transport equation is
solved. It should be noticed that the tracer with the same
physical characteristic as the background fluid was used.
Therefore, the diffusion process of electrolyte can be
estimated in terms of concentration field at different time.
The concentration distributions at 300 and 600 s (Fig. 5)
were selected and analyzed.

interelectrode

Velocity: m/s
100 = 107"
9.50% 107 e
9.00% 107 TN
850 107 B B
8.00% 107
750 % 107
7.00% 107
6.50% 107
6.00% 107
550% 107
5.00%107
4.50%10°°
4.00% 107
3.50% 107
3.00% 107 ’
250 %107
2.00% 107
1.50 107
1.00 % 107

J.‘
5.00% 107 )\
0

Z X

Velocity: m/s

1.00 % 107
9.50 % 107
9.00% 107
850107
8.00% 107
750 % 107
7.00% 107
6.50% 107
6.00% 107
550%107
5.00% 107
450% 107
400107
3.50% 107
3.00%107
2,50 107
2.00% 107
1.50% 1072 y
1.00 % 107

5.00% 107 )\
0 .

(d)



Hao-lan LI, et al/Trans. Nonferrous Met. Soc. China 24(2014) 1604-1609

00

920% 107

8.77= 107

834 %107 —

791 %107 s

TAR = Iu': 5

7.05% 107 %

6.62% 107 o

533107 e

L a90x107 &

447x107 ¥ &
404% 107 27
361 %107 s fr
3.18% 107 f
L 275x 107 & oz

6.19% 107
| 2.32% 107 o, (>
189 107 = &y
Ld6x107 a0z <
1L03% 107 -
i

Mass fraction/%
576%10°
6.00% 107

(a)
Fig. 5 Fraction of zinc sulfate at different time: (a) 300 s; (b) 600 s

Figure 5 shows that the concentration at the upper
region between anode and cathode is higher than that at
the bottom, which is accordant with steady velocity field.
It is the reason that zinc deposited on the upper cathodes
is thicker than that on the lower part in the real operation.

4 Interelectrode effective flow rate

Flow field of zinc electrolyte is changed with the
variation of the cell structures and operating conditions.
In general,
enhanced with the increase of the electrolyte flow rate
between anode and cathode. Then, the concept of the
interelectrode effective rate (IEFR) was put forward to
of the
interelectrode flow field under different conditions.

IEFR (Q) refers to the ratio of total flow rate Q of
the electrolyte between anode and cathode to the total

the electrowinning efficiency will be

quantitatively describe the characteristics

area A. Based on the mass conservation law and the
control cell in Fig. 6, the inflow rate of interelecrtode
equals the outflow in the case of steady-state flow, so
IEFR is given as follows:

m m
q= (Z|V|xz | P + Z|Viyz
i=1 i=1
where |\7ixz| and Aj, are the velocity and area of the
i-th grid in Xz plane, respectively; Viyz and Aj, are the
velocity and area of the i-th grid in yz plane, respectively.
Obviously, large IEFR is helpful to speeding up the

refresh rate of electrolyte. Accordingly, polarization
phenomenon will be depressed and the electrowinning
efficiency be improved. Therefore, IEFR can be used as
an evaluation index to optimize the flow field. For the
technology of parallel flow proposed by ZHOU [10],
IEFR is greatly increased by the jet-flow fixed between
anode and cathode.

1607

Mass fra})ctilg__r;a’%

1.20 %

116> 107"
L =10
107107
1,03 = 107"

9.85% 107 s
9.42%10° b
899 %107
8.56% 10"
. 813x m-"
| 770107 2
727%107 e s
6.84 %107
641=107
508%107
5.55% 107 g s soy

| 512x107 == &
468107 I\
l s26x107 Lo
383x 107
340 % 107 L- x

800

V0

D1ps

Cathode
Anode—— -

>

Fig. 6 Calculation diagram of interelectrode effective flow rate
5 Optimization of flow field

Without changing the basic structure of zinc
electrolytic cell, the structure parameters and operating
conditions, such as the angle, position and volumetric
flow rate at inlet and the height of steel baffle could be
optimized. The values calculated are listed in Table 1.

Table 1 Values of different parameters

Value
0,-0.9,-1.5
0,0.4,0.92,1.32
-30,-10, 0, 10, 30
6.25,12.5, 18.75, 25,
31.25,37.5, 43.75

Parameter

Inlet position/m
Height of steel baftle/m
Inlet angle/(°)

Volumetric flow rate
at inlet/(m*h™")

During optimization, the designed condition in
Section 2 was taken as a reference case, in which IEFR
was 7.780 m/h.

5.1 Inlet angle
For the sake of simplicity of description and
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calculation, inlet angle is defined as the angle between
the inflow direction of the electrolyte and the vertical
direction, and the angle is positive if the inlet flows point
to the outlet. The flow fields with the inlet angle from
—30° to 30° were simulated. The major results are listed
in Table 2.

Table 2 IEFR in case of different inlet angles

Relative percentage of

Angle of inlet/(°)  IEFR/(m-h™") L
IEFR variation
-30 7.088 ~8.9%
-10 7.850 0.90%
0 7.780 0
10 7.711 —0.89%
30 6.847 -12.0%

Table 2 shows that when the inlet angle varies from
—30° to 30°, IEFR reaches the maximum 7.85 m/h at
inlet angle —10°. Therefore, the angle of inlet should be
adjusted from —10° to 10°, which will keep the large
IEFR.

5.2 Inlet position

The inlet position of the reference case is located on
the free surface of electrolyte and the point located below
the free surface is negative. The flow fields with inlet
positions at —0.9 and —1.5 m were calculated,
respectively, and the results are listed in Table 3.

Table 3 TEFR at different inlet positions

Position Relative percentage

of inlet/m [EFR/(mh l) of IEFR variation
Reference case 7.780 0
-0.9 27.842 257.9%
-1.5 21.793 180.1%

It is very clear that inlet position has vital influence
on IEFR. Inlet position below free surface is helpful to
improving IEFR. Compared with the inlet position at
—1.5 m, there is a higher IEFR of 27.842 m/h in the case
of the inlet position at —0.9 m. IEFR presents more than
257.9% of variations at inlet position of —0.9 m,
contrasting with reference condition. Similarly, the inlet

position at —1.5 m presents more than 180% of variations.

However, in the real operation electrolyte, crystallization
at inlet can be formed when inlet is located in the
electrolyte, which will block the duct of electrolyte and
reduce the flow rate. So, putting inlet under the free
surface is an effective measure to greatly enhance IEFR
if the electrolyte crystallization can be controlled.

5.3 Volumetric flow rate at inlet
The volumetric flow rate of electrolyte at inlet

directly impacts IEFR by increasing circulating flux, and
the variation tendency of IEFR with volumetric flow rate
is shown in Fig. 7. It is obvious that IEFR is in
proportion to the volumetric flow rate at inlet. Hence,
greater flow rate at inlet, which raises circulation flux of
electrolyte, is generally used to strengthen the flow of
electrolyte between anode and cathode in real operation.

18
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Fig. 7 IEFR in different flow rate
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T

5.4 Steel baffle

The steel baffle is located in front of the outlet to
prevent the electrolyte from directly flowing from the
lateral part to the outlet. The flow fields with four sizes
of height were modeled, respectively, and the main
results are listed in Table 4.

Table 4 TEFR in different height of steel baffles

0 7.328 —5.8%
400 7.395 -4.95%
920 7.780 0
1320 8.010 3.0%

It can be seen that IEFR is enlarged with the
increase of height of steel baffle, but the height of steel
baffle has small influence on IEFR. Really, steel baffle is
not applied in some industries.

6 Conclusions

1) On the free surface of zinc electrolyte cell, there
are two circulation flow zones where part of electrolyte
flows backward the inlet from the side of cell and the rest
flows directly toward the outlet. The separation of two
circulations with opposite directions occurs at the 20th
pair of anode—cathode, and this phenomenon is observed
in the real operation.
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2) At the interelectrode zones, the electrolyte flows
to the upper cell from the bottom via the lateral part of
the cell and then downward at the center of the plates,
resulting in the fact that zinc deposited on the upper
cathodes is thicker than that on the lower part in the real
operation. With the respect of different interelectrode
electrolyte, the velocity is decreased gradually from the
inlet to the outlet.

3) IEFR is defined as the ratio of total flow rate of
the electrolyte between the anode and cathode to the total
area. The influence of structure parameters and operation
conditions on IEFR, such as the inlet angle, the
volumetric flow rate, the inlet position and the height of
steel baffle, were simulated. Summarily, the optimal
parameters for the studied cell are as follows: inlet angle
0°; inlet position —0.9 m; the flow rate 25 m’/h; the
height of steel baffle 1320 mm.
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